Introduction
In bio-signal processing it is a common practice to filter the data according to the components, which are intended to be investigated. Filtering is also an issue for functional magnet resonance imaging (fMRI), where during a common preprocessing procedure the data is repeatedly blurred to extract the peak of the blood-oxygen-leveldependent (BOLD) contrast. However, with diffusion weighted imaging (DWI) data, there is no general recommendation of filter application. The reason for this could be seen in the difficulty to assess the effect of filtering on the four dimensional data. Nevertheless, there is a variety of different approaches to filtering DWI data on different levels (e.g. filter on imaging data or on derived data (e.g. the diffusion tensor) [1] ). One of the proposed filters to be applied on the imaging data is the Perona Malik Filter [2, 3] . We investigated the impact of different sets of parameters on the location of the endpoints of a set of tracks for an example dataset. The coordinates of track-endpoints are of major interest when modalities of investigation are combined, like in combined studies of fMRI and DWI. A common scenario of such a study is to join functional (fMRI) and structural (DWI) properties of the brain. For this purpose, specific (voxel-) coordinates in the respective coregistered images are examined for their mutual properties (e.g. find tracks that start at fMRI peak-spots). Hence, the end-voxels of tracks (i.e. voxels, in which tracks start or end) can be seen as an important outcome of filter procedures. In order to better understand the influence of filtering, cortico-spinal tracks were selected. These are long tracks that can be reliably extracted with the application of two simple regions of interest (ROIs).
Methods

Data:
We acquired data on a Siemens Magnetom TrioTim scanner with a 32 channel head coil. The imaging sequence comprised 64 non-collinear gradient directions, a single high b-value of 1000 s/mm² and 15 volumes without diffusion weighting (b0-images), 92 axial oriented slices, field of view of 216 mm, acquisition matrix of 108 x 108, slice thickness 2 mm, no gap, hence an isotropic voxel size of 2 mm. The total scan time was about 18 minutes, with repetition time TR = 12 s and echo time TE = 95 ms. For this demonstration, one dataset of this existing data pool was randomly selected. Preprocessing: The DWI data was corrected for motion and eddy current distortion using a procedure implemented in ExploreDTI [4] , which also corrected the gradient-directions with the rotational part of the transformation. Filter: The Perona Malik filter is an adaptive, edge-preserving smoothing filter. The two main filter parameters control the extent of smoothing (parameter: kappa) and the number of times the smoothing is applied (parameter: iterations (it)), respectively. We used an implementation of D. Lopes [5] . Both parameters were modified in combination (kappa = 2, 6, 10; iterations = 2, 4, 6) and tractography was executed on the nine resulting and the original unfiltered dataset. Tractography: A whole brain tractography was applied with constrained spherical deconvolution (CSD), implemented in [4] (seedpoint resolution 2, 2, 2 (mm), step size 1 mm, angle threshold 30, fiber length range 50 to 500 mm). A brain mask constrained the tracking (generated with FSL BET2, [6] ). Subsequently all track segments with an associated fractional anisotropy value (FA) < 0.2 were removed. This ensured the proper separation of both brain hemispheres and suppressed tracking in grey matter. Application: The coritco-spinal tracks were extracted by placing two ROI plains, one at the top and one at the bottom of the brain. These ROIs were taken for all ten sets of tracks and were then restricted to the left hemisphere. Then the voxels at the top-end of the tracks were calculated (referred to as end-voxels). The centers of mass of the respective sets of end-voxels were calculated.
Results
The voxels of the unfiltered dataset are covering the largest 3D region. The voxels of the filtered datasets are inside this region, but cover in part different areas. Fig. 1 shows the results for kappa=10 and for 2, 4 and 6 iterations as well as for the unfiltered data. Between parameters, no general relationship could be observed. For kappa = 6 and kappa = 10, the general number of tracks as well as the number of cortico-spinal tracks increased with the number of iterations, but for kappa = 2, both numbers first decreased, and then increased above the respective values for two iterations. The same is true for the relationship between increasing iterations and fixed kappa (Tab. 1). This resulted in a similar relationship of the amount of voxels at the ends of the tracks. The number of identic voxels with the unfiltered dataset range from 27 to 42 (mean: 34.1, SD: 5.2). This means that only 12.1% to 18.2% of the unfiltered voxels (mean: 14.8 %, SD: 2.3) are also found in the respective filtered datasets (Tab. 1).
The distribution of the lengths of tracks was changed mainly for the group of tracks with medium length (around 50 to 70 mm). The amount of tracks in these length-segments changed with different filter parameters, but again there was no obvious relation. Interestingly, the mass centers of the respective end-voxel-distributions lay within short distance from each other (Euclidean distances to unfiltered mass center: 2.0 to 7.5 mm, mean: 4.8, SD: 1.9). 
Discussion
We restricted the investigation to cortico-spinal tracks, which are among the longest tracks in the brain. Since the Perona Malik Filter is a smoothing filter, we suspected that the smoothing would generate a higher amount of longer tracks, resulting from new joints between formerly separated pieces of tracks. But while filtering resulted in a general increase of the total number of tracks for the investigated dataset, the number of cortico-spinal tracks decreased. Within the parameters, no distinct relationships were detected. The end-voxels of the tracks for the respective filtered dataset lay inside the spatial range of the unfiltered data. These preliminary findings suggest that the application of the Perona Malik filter in the context of the extraction of cortic-spinal tracks (i.e. long superior/inferior tracks) has no distinct advantages. Further investigations will have to extend the number of datasets and target at track bundles that process in other directions (e.g. left/right, anterior/posterior) and at groups with different track-lengths. It is conceivable that the impact of the filter changes with different groups of tracks. Since the filter has an impact on the location of the end-voxels and hence changes derived regions of interest, this would suggest that in accordance to other fields of signal processing, filter parameters should be specified in dependence of each case of investigated problem.
